Abstract: This paper is concerned with network-based sampled-data observer design problem for a class of switched linear systems in the finite-time H ∞ sense. Outputs sampling and the detection of mode variations are both performed via a clock-driven approach, and networkinduced limitations involving transmission delays and data packet dropouts are also taken into account. Moreover, we introduce a novel multiple Lyapunov-Krasovskii functional, which switches along with the switching signals of the observer. The aforementioned technique can effectively reduce the complexity of the observer design procedures induced by the clock-driven detection scheme of mode variations. Finally, a numerical example is provided to illustrate the effectiveness of the theoretical results.
INTRODUCTION
Switched systems have received considerable attention due to the capability of modeling many practical engineering applications. A large number of systematic results in this field have been reported, see, Liberzon and Morse [1999] , Sun and Ge [2005] , Lin and Antsaklis [2009] and the references therein. On the other hand, as an irresistible trend, control tasks closed-loop via communication networks are more popular nowadays, since the network-based communication can bring numerous advantages, such as low cost, maintenance, reduced equipment weight, etc., see, e.g., Heemels et al. [2010] , Fridman [2014] . Currently, many remarkable achievements of NCSs in non-switched context have been made, see, e.g., Antsaklis and Baillieul [2007] , Zhang et al. [2013] ; the investigations on networkbased control or estimation of switched systems, however, have been seldom investigated except a few recent works, see, e.g., Guan et al. [2008] , Ma and Zhao [2015] .
State estimation or filtering is a fundamental and important issue for all kinds of dynamic systems where the state measurements are partially unavailable. Since the 1960s when the Luenberger observer was proposed for linear time-invariant systems, see Luenberger [1966] , tremendous efforts on the issues of observer design have been devoted for both non-switched and switched systems, see e.g., Darouach and Boutayeb [1995] , Kheloufi et al.
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[2013], Lian et al. [2011] . It is worth mentioning that, the aforementioned results mainly focus on the observer design in a non-networked environment. For the networkbased control/estimation problem, sampling is inevitably encountered, i.e., the sampled-data observer should be implemented. To the authors' knowledge, the problems of sampled-data observer design have not been fully explored for switched systems, which motivates us for this study.
In the area of switched systems, the detection of mode variations is a basin procedure which takes time and may lead to asynchronous switching in switched systems, see, e.g., Wang et al. [2013] , Zhang et al. [2011] , Vu and Morgansen [2010] . In Zhang et al. [2011] , the necessities of considering the asynchronous switching have been well addressed. Further investigations on the topic of asynchronous switching include the developments of robust asynchronous switching observer design for nonlinear switched systems in Xiang et al. [2012] ; asynchronous switching filter design for switched stochastic systems in Lian et al. [2013] , etc. Note that being involved in networked environment, the asynchronous switching will be sourced from another reason. Specifically, the measurement and transmission of state/output and mode information are performed in a discontinuous manner, therefore, the asynchronous switching lag will contain two parts: the detection/implementation interval and the waiting interval.
Moreover, most of the existing studies about observer design mainly focus on Lyapunov asymptotic stability (LAS), which is defined over an infinite time interval. However, most of the real-world systems are supposed to run in a finite-time interval, therefore, the finite-time dynamical performance analysis is actually more practical, for instance, Amato et al. [2012] , He and Geng [2012] . So far, many useful results on finite-time stability and performance analysis and finite-time control synthesis problems have been obtained, for either non-switched systems Amato et al. [2012, 2013] or switched systems Cheng et al. [2015] , Wang et al. [2015] , with almost all of them being within the non-networked environment. However, no investigations on network-based H ∞ sampled-data observer design in finite-time interval have been carried out yet, let alone for switched systems.
Motivated by the aforementioned observations, this paper presents a new network-based sampled-data observer design approach for a class of switched linear systems in the finite-time H ∞ sense. The phenomenon of asynchronous switching, caused by both the detection/implementation of mode variations and the waiting interval are considered. A novel multiple Lyapunov-Krasovskii functional is firstly established, by which a more concise approach for designing the mode-dependent observer is derived. The remainder of this paper is organized as follows. In Section 2, the problems to be studied are formulated and the objectives to be studied are stated. Section 3 is devoted to derive the sufficient criteria of finite-time boundedness (FTB) and finite-time H ∞ performance of the augmented switched systems. A numerical example is provided to illustrate the potential of the developed results in Section 4 and we finally conclude this paper in Section 5.
Notations:
The notations used throughout this paper are fairly standard, and can be found in the relevant literature of switched systems. We omit them here due to the space limit.
PROBLEM STATEMENT AND PRELIMINARIES
Consider a class of switched linear systems described by   ẋ
(1) where x r (t) ∈ R n is the state vector, y r (t) denotes the measured output and z (t) is the controlled output and ω (t) is the energy bounded disturbance input, which belongs to
is a piecewise constant function that is deterministic and right continuous, called a switching signal; l > 1 is the number of subsystems. The switching signal can be described as
where t r,k is the k-th switching instant of system.
Here, we are interested in designing the following modedependent Luenberger-type sampled-data observer for sys-
where x c (t) ∈ R n is the estimation of state vector, L φ(t) is the mode-dependent Luenberger-type observer gain to be designed, y c (t) is the output of the observer and y r (t k ) is the received sampled-data at the instant t k . Assumption 1. For a fixed interval T f , disturbance input ω (t) is assumed to satisfy
Assumption 2. The sampling scheme is assumed to be fixed interval, where the sampling period is denoted as h. Moreover, we assume the extremum delay and the maximum number of successive data packet dropouts are known a priori, which are denoted as η M andδ respectively. Then, we have 0
Letting t k and t k+1 denote two successive instants of successfully receiving the sampled-data, by applying the input-delay approach, d (t) = t − t k , ∀t ∈ [t k , t k+1 ), we can further rewrite the output sampled-data y r (t k ) as
Assumption 3. The mode detection is synchronously triggered with the output sampling event described in Assumption 2, and there exist a detection/implementation interval. Assume the maximum implementation interval of mode detection is h m and define the asynchronous switching lag is h(t), then we have 0
Based on the Assumptions 2 and 3 and (1)- (3), a resulting augmented switched systems can be given by
where
T with e (t) x r (t) − x c (t), and
Remark 1. In system (4), φ (t) and φ (t − h (t)) stand for the switching signals of system and the associated observer, respectively. For notational simplicity, we denote σ (t) φ (t − h (t)) throughout this paper. Furthermore, t r,k and t c,k represent the switching instants of system and corresponding observer, respectively; T d (t c,k , t c,k+1 ) and T s (t c,k , t c,k+1 ) stand for the durations of mismatched and matched intervals, respectively. Then it follows that [t c,k , t c,k+1
Remark 2. According to Assumption 3, the switching number of subsystems must be equivalent to or less than that of the observer. Thus, if we can first find the minimum admissible switching signal σ (t) with ADT, then set it as the criterion of switching signal φ (t), the required performance will be obviously guaranteed.
To proceed further, the following definitions are firstly recalled.
Definition 1. Zhang et al. [2014] (Finite-time boundedness).
Given the positive constants c 1 , c 2 , T f , a positive definite matrix R > 0 and a switching signal φ (t), the switched system (4) is said to be finite-time boundedness (FTB) with respect to (c 1 , c 2 ,
Definition 2. Cheng et al.
[2013] (Finite-time H ∞ performance). Given the positive constants c 2 , T f , γ, a positive definite matrix R > 0 and a switching signal φ (t), the switched system (1) is said to have finite-time H ∞ performance with respect to (0, c 2 , R, T f , φ) and index γ, if ∀t ∈ [0, T f ] ,
Our objectives in this paper are to design a class of state observer and derive a set of switching signals with ADT such that the resulting augmented switched system (4) satisfies FTB and finite-time H ∞ performance with respect to prescribed indexes.
MAIN RESULTS

Finite-time Observer Design
The following theorem presents the sufficient conditions of FTB for the augmented switched system (4). Theorem 1. Consider the augmented switched system (4), let α, β, γ,μ, λ 1 , λ 2 and ρ υ , ∀υ = 1, 2, 3, 4 be given positive constants with 0 < α ≤ β,μ > 1. Suppose that there exist matrices P i > 0, Q i > 0, Z i > 0 and matrices
T ,
and V i is determined by the singular value decomposition of C i , see Daniel and Lu [2003] . Then the FTB with respect to (c 1 , c 2 , R, T f , φ) for system (1) with observer in (2) can be ensured for switching signals satisfying
Moreover, if (5)- (9) have a solution, the admissible control gain K i and observer gain L i can be given by
where U i and C 0,i are also determined by the singular value decomposition of C i , see Daniel and Lu [2003] .
Proof. Consider the multiple Lyapunov-Krasovskii functional
Following the case of σ (t) = φ (t) (i.e., the modes of the system and the observer are matched) yields thaṫ
, it follows from the Leibniz-Newton formula that
Based on some Denoting T i P σ(t) W σ(t) P σ(t) , it holds from (5) that Ξ σ(t) < 0 anḋ
For more detailed derivation of (13)- (14), please refer to Gao et al. [2009] .
When σ (t) = φ (t), the activated mode of the system and observer are mismatched. Based on a similar approach of solving the asynchronous control in Zhang and Gao [2010] , we could choose a bigger rising scale β ≥ α under the multiple Lyapunov-Krasovskii functional (12), it then follows from (6) and the same techniques for
Denoting Γ (t)
Moreover, when t ∈ T s (t c,k , t c,k+1 ), the same result of (16) can also be derived.
Additionally, according to (12), we have
Then, in view of (10) and (16)- (18), it holds that
≤ c 2 . By Remark 2, the FTB of system (4) can be ensured with respect to (c 1 , c 2 , R, T f , φ). This completes the proof. Remark 3. Note that the developed multiple LyapunovKrasovskii functional in (12) is dependent on the switching signals of observer, not the switching signals of system as usual. For the synchronous switching cases, there are no difference for the new functional; for the asynchronous cases, however, the developed functional can avoid generating coupled LMI and thus can reduce the complexity of observer design procedures.
Finite-time H ∞ Performance
In this subsection, the network-based finite-time H ∞ performance analysis will be carried out. Theorem 2. Consider the augmented switched system (4), let α, β, γ,μ, λ 1 , λ 2 and ρ υ , ∀υ = 1, 2, 3, 4 be given positive constants with 0 < α ≤ β,μ > 1. Suppose that there exist matrices P i > 0, Q i > 0, Z i > 0 and matrices T i , X i , Y i , ∀i ∈ I, such that, ∀ (i, j) ∈ I × I, i = j,(5)-(9) hold, wherē Ξ i,2 Ξ i,2,1 T iΞi,2,2Ξi,2,3 ,Ξ i,2,3 [ Φ i 0 0
Ξ i,j,2,1 T iΞi,j,2,2Ξi,j,2,3 , χ 2 γ 2 Γ M ,
